M^t&tfi&MMW-!£Mi% t y \ y H (magnetoresistive effect thin-film 

MAGNETIC HEAD ) 

fgi^cDSfr^l? (field of the invention) 

*&w\z. #i]x.« s A-F5^x^ F ^ ^ (hdd) ^g^fflpjtgT^D, nmm 
mm£&wxft\zffin&h>*)vm^mfflM (tmr) m^xteM^ftm^MMMg 

^^^Sifi^J^ (CPP (Current Perpendicular to the 

piane) — gmr) m^mxkmmmm^ (mr) mmmm^y wzm-^o 

WiM&M<DW$R (description of the related art) 

¥4-10301 4^Am) Tmm&mmm/wm®iikmm/±mm'&Bmmt 
^ 3 g>mmmft ^ssgmr m=f(D-m~?& d nmtimmmtmm^izmti^ cpp- 

GMRif (M^t, W. P. Pratt, J r et al, "Perpendicu 
lar Giant Magnetoresistnce of Ag/Co Mult 
i layers", PHYSICAL REVIEW LETTERS, Vol. 66, 
No. 23, pp. 3060-3063, June 1991) ^&g$tlW£o Z\tl 
Zom^Z* mmmmm\Z&~DTffin&— W^GMRif (CIP (Current 
-InPlane) -GMRif) \Ztt$&VTWL&±%f£MRmi:&&%*>n. 

^^yy^m^izmm-v^Zo rmMmammmRzs±mm^mmm\z^^ 

Elite, -jK^ilWSC I P-GMRif$ABS (#±®) ^[Sj^CBfeS 
*W/m* 14ttJ:^y";PHE 16»fSIS^n 

t>«HGMRWi 2©tiiiwtm T^st;±^^-;vHiii or 

<^^lfeWtffi^#it^«v^^#:^T^^±^^^7 0 ^l lR^l 3Cffl^5^I 
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M&mmm (t°> fh) /^m^mmmt^o^mmm^^r^TURmm^ x&t 
iffio±^t'>m 2 4\tmmmm(D±^iy-)v^m. 2 2 

6«M#^T^$tl^lSW-V^7 0 )i^tl^tl^bT^§o 2 2a«TMR 

ft B#X«C P P - GMRg(IW^iIIl:j9oTA- FVVf 7X1 2 5 #|pJteM:g£ 

:©i5&TMRifXttCPP-GMR$fH*^Ttt, -fe>X«sft£M®<hM: 
mSltC I P-GMR^(D#ffitlI^0-eSD, i4«TMR$fXHCPP-GMR 

wsftbrnzfrokyiz, cip-GMRifc^^m mti^mizuGMRm^ 
®^m^r gmr ^£t§©^t&^ 

xmmr^mm^TMRm^^tcp p -GMRm^iz^xu, mt>m^mizTMRm 

^X«CPP-GMR^(D^«laR TMR (Dffitv-;i/FjB^©^-VA 0 v'^>XC Shl 
e , d WTMRlfXttC P P - GMRifgf0^t/V>^ >X C TMR ##£ 0 , 

(summary of the invention) 

fxacpp -GURm^m^rc. MRiiii^7 %z\t\z&z 0 

*%W\z&ntt, TBP5/-;VF«i> ±B>>-)V\*m£. T^v-;i/F«W±^>— 

MM«ja7jfS](cm»^n^MR^s#:i, Tm^-^^m^c.zs±^>-)v^mmiz 
mfczntzmmmmiz^zmm^^ v7°mt*mxT&r> , z\<Dwm**v'7mv>'pt& 
<th-u&A 1 2 o 3 ^K>mnm(Dmmmmm-vm^riT^^MRmmmm^ 

s<h, MRmmwRzs±^^yy°m(Dmm\zm^nrcmm^<Dmm^^yy a mt, ± 
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fc«filHl8&t^t^T'>-;V FJ^^^r ^ A°i/^7 >X^C Sh ie , d =l pF <DM&\Z&tfZ 

s\y ^mtKDMm^wc^^B-rmr^^o fcfc*u tmr^x&cpp-gmr^ 
cD^/v>^>xtec TMR =o. oipFtu tHAJgf ti^n^Mtti omq^ 

f c>5 0 OMHzit5fcfei:«:, ifffiR TMR ^5 0 QOTlCb&OTUfe £>&V\> 
5 0 0MHzt^5^»t 1 0 0 Gb i t s / i n 2 @g?©!2$S^ST& 
ffl$tlSui^fi|$tl§)lttT^?>o lOOGbi t s/ i n 2 ^±©fS^^(Z)T 

1 pF©i^, ^ffitrLR TMR ^3 0 0 QK±T$oTt) f c>5 0 0MHztt§ut 

^SKR TMR ^-h^iC^pJfg/^3 0 0 QJJUT&^TfcSSJ&^^y F0^&£fc«NM3: 
§^b<[^±$i±^^i^T^^><Z)TS^)o TMRifX«CPP-GMRif0 

(2^±) /h^^fcfe, sfa^js^fcefc^. 

a 1 2 o 3 &K)Mmm0i&^i(&mmmi)^ si 3 N 4 > co-rFe 2 o 3 xasio 2 

ifmmwummsm^u, mnmmTmm^n^mm(D^L^mmmmizm'r 

gI®(?}fgfWc£l& 0 j3 (brief description of the drawings) 

mm, mzm^<rc^\z, -rawstt^c i p-GMR$f ^abs» 

02H f STMRif X»C P P - GMR$? 

^ab s:£iFgj&*£jf,fc0T&£ ; 
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ms\z, mzm^fc<ko\z, m4\z^vr^mm^z^x, ->~;phik©+^a^ 
^>x^c ShieU =6pF <Dm&iz&tt%ffi$im<Dttm®.&&&&7K'tm-c&z> ; 

09«, 0 7©B-B«frM0T&£ ; 
; 

01 2a~l 2 d&, iM^£2ftbTTMR'V.y F#«MWfc®ig$n£mSE£2B!lJ£L 
01 3a~l 3dft SMM£$iEUrCPP-GMR'Vy H^«^^^$nS«l5l£ 

01 01 4©A-A«ISf®it*§ ; fLT 

li4©B-B«®gWo 

#? ^LV^jifl^®!^ (description of the preferred embodiments) 
i7^B|©-WItbT, MR/W hX«xn-h/W hMifttXitffOTMR 

0 8te0 7CDA-Ail$r®0T&D, 0 9 &0 7 © B - B«rM0 

mftt^nm<D&&mzn^omzm^mti&ztiT& 0,0s ^^0 9 t^ji^- 

FJi> 7 1 «Tgi5^"^FS7 0±^Zl(DT^>—^FJi7 0 tH^W^^aiUT^fM^ 

&t£nr£#mimmmz&z>mmmm<DT&*r* v*7m> 1 2 «t^-v 1 1 ±£ 

3 Ji^^CO±^^ y 7°M 7 3 i€^^MbTM^$nfemS^ffl©±^^-^ 
HE, TS^WJiWfcfeO^T^ITOW^A-HmyXi, 7 6te4>&< 
tfcTSB^y >*7i7 l±T&oTTMR#tJi#7 2 <Dftffl\ZfeMJ&&%tlTc1l&WLffc\Z& 

y 7 7 «t§^>-;i- Fi7o ©^wcTM^n^m 1 otmftm* 7 8 

«^^-V^7°M7 6±T$oT±Si!=?t'^S7 3 RZS±Uzy-)V Kg 7 4 ©^WC^ 
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j&zntzm 2 o>im&m. 1 9 \%-wf$Ws--)\> H170 x^t^^ v y°m 7 1 \zm 
^mzmmzntzm 1 o^r^-jm^ 8 0 fc-mwm 1 ©if 7*-;i/##7 9 
nmmw^^^nfe^ 1 u — \*m&. sif^icu- 8 0 om^mumz 
mmzntcmKD^mm mm^y h), 8 2&-»u:^>-;i'Fjf 7 4tc^w^ 

^$nfcff§ 2 CO U — F^ft, 8 3 te-iW3g 2 0 U - 8 2 ©WK^CffjK:^ 
$nfc^2(DlfT^-;i/»#:, 8 4M^l20tT^J»8 3 <Z)fi&$gfc^C#Jfc: 
SM$nfem3 0U"F^#:, 8 5ttl30U-^8 4©M^i^(:t^$n& 

T^x-;i/F)i7 0S:^±§Bv-;VFS7 4«> NiFe (/t-YD>f), K 
CoFe, CoFeN iXf^CoZ rNb#CD#jf^3tX«#MiiT^$n^c itff 
te, 0. 5~4 //m, £?£b<tel~3 MrnTS^c 

A 1 , Ag. Au, Ti, TiW, Rh, Cr, In, Ir, Mg, Ru, W, Zn, P 
tMnfKfiRuRhMn, X&^n£><&£&T$$£tl5. jUJPfr^ 5-7 Onm, 
^L<Sil0~5 0 nmtJ&S. 

TMRiI#7 2t:^^^TMtt*Il (tf>FB) &tf_h§B3&S££$£lg£Ji (7'J 
-Jl) te, ^Xt°>^W^fTS^-r^^i^W*b<, 09*-fc£, Fe, Co, Ni, C 
oFe, NiFe, C o Z r NbXteC o F e N i m<D&M1fcmX\$g>mffiM&m^*>n 
S„ T^ta^M (If > Fit) CDEJ?^ 1-1 Onm, Iff £L< &2~ 5 nmTJ 

2~5 0nm, ft £U< 0 nm^^>. £<£>18^aW< & Of ^5 Fl&f£ 

TMR»I#:7 2 h>^^iJ7iH A 1 2 O a , N i O, GdO, MgO, 

Ta 2 O s , Mo0 2 , Ti0 2 XttW0 2 ^«$W 0 l&J^fck 0. 5-2nmit 

£ wmt. i>^&* % £ t) irr €fr tr c 5 £ u - ^ i^^mnt u £ 5 cdt$? 

TMRtl#:7 2{C4o^^^tai4^M^ f^HPtMn, RuRhMnT« 

»f7 7 i i7 6®m(«i a 1 2 o 3 ^r)mmm(Di&^mmum, mm* 
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T "!!: ^*-,W«7 9fttf8 3. SI- »2»tflB3CU-H«#8 0. 



^S^Xs 2*. S£i«^«7 4 t H C W«*U«^ 



<«. tout. »^^««#tt*^<^*; w 

- i VXttC T *lTo 2 p FT* 0 - * * f c = 1 2 0 MH z T? 

...... ...a.. • • - v.*jiv. ■. »«..';,•, .... . «.«» 



lll i 1 10nmt*0.»^^i76»WB^^f^:;» t ^ 4 T 

<Hr© 1 0 . 2 p F*b 5. .8 F, 5 p FX» , 9 

rJ?TJ^!criIVIV^xS 5 s .V ,FC X ic n**.^ 
a 2a ~i 2 d »»«>aBe«*TJ*o. iizaiawr^ij euiAs 

fl£fc*&. BUbttSiAW*^ B12cttCo-rFe,0,*flV»t 
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C P P - GMRW^I < ^<DffiOlftJt^#«, fuMl^EI 7 ~H 9 0^Jg^SI©« 
&t£< mmi:fcZ>> C P P - GMRM#coM^fe±Mibfc:Fil^!ilg^$ti§fe(DT« 

ii^t77l7 6©tT^OA 1 2 0 3 OtBfM^ r ^£ r =7) TMt^i, 

pFT&D, * y h t7H^tt f c = 5 2 0 MH z fc£U TBB^-^KM 

7 0XHTMty^i7 l±^i«1-^±^^-;i/HS7 4©mfi^WT^>^cDM^ 
IP^* t/V^il/Tilt5iS®StliS = 1 0 2 3 0 nm 2 <C AD tCj;SfMiMI) 
TSO, T^^>-;PFIi7 OR^±gj5>—;H^M7 4f B 1(Dgg||«l 1 0 nmT^D, ^0 
5^, *fijg^y:/|g<Z>^J?&5 2 nrnTSO, U - KH^tfC P P - GMRa^ K<Z> 

t7Mtf fcH ^iJLTfeit^T^TfeS^-^-r^o M*7bt7^|[f 
cSfc = l/ (2 7rR HGA C Shield ) fr£gan?#£o 

Wt^7l7 60iT^Si 3 N 4 Otg|*£e r #s r = 4) T^-T^ch, C Sh 
ie]d =5. 8pFTSD, f c = 9 1 5 MHz h±mz&M%n2>o 

»t'y7l7 60iT§Co-rFe 2 O 3 (itM«^ £ r # £ r = 3 . 5) Tf#j5& 
C Shield =5. lpFt&D, fc = l. 0 4 GHz £$£K:Bfcil£tl£o 

^ty7"l7 60iT§SiO 2 (Mi$£ r J&*£ r =3) TiM§i, C Shi 
eId =4. 4pF^D, fc = l. 2 1GHzi^f5^im. 

\zm* (Dmmum^m^rcc pp- gmr^ F£^iuc{fr&u m^^sitc p p 

-GMRA7 F^t^l:II$n§lsit«lfeo TzfzV. MUcCPP-GMR 
^TO, fOCPP-GMRilWiH-hbtNiCr (3nm), B 1 
ftMIJIchLTP tMn (14nm), miomm^mmm (i§l©t?>FJI) tvxc 
oFe (2nm) /Ru (0. 8 nm) /CoFe (2nm), ilO«MMSil 
TCu (2. 2nm), ^2 £>3&8&f$fl^i (7U~i) tLTCoFe (lnm) /N 
iFe (2nm) /CoFe (lnm), f2 0«^IIilTCu (2. 2nm), 
f&ZfD&m&mmm (ff§2<7)t:>Fji) tlTCoFe (2nm) /Ru (0. 8nm) 
/CoFe (2nm), l2©MIttWilTP tMn (14nm), ^y^Jit 
ITN i C r (3nm) %M$3&M bfc1#/&£^b W£o ^©C P P - GMRtl^ft 
rf^O. lxo. 03//m 2 T$D, \*mWe.W& 1 1 0 nmTf& D * ffe«^ 

!y7°i7 6©m?«5 2 nmT&D, U - FUl^tiC P P - GMRA7 h*CDS*rC«R„ 
GA =3 0 Q7?S5, 

01 3 a- 1 3 df»(D$J^lf^&D> 013 a tel&W^ ^ 7°Ji 7 6 CA 1 2 O s 
&m\<*1tm^ mi 3hl%S i 3 N 4 &m^fcm&. @13cHCo-rFe 2 0 3 ^^ 
fcj§£\ 013dSSiO 2 T»mm. 

il3aT«18. 7raATif0ii^(;, @13bTttl7. 4mA, M 1 3 c 
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XIZ20. 2mA, 013dTlil9. 3mAT^nftlif ©iI^DT^§. 

c p p-gmrm H©t^®«*^ c p p - GURmmmz^urmz^LxL^ 
01 4 w^H^ofdiconig^MibT, mrm hXHxo-h/w hW0inxM^)T 

n&WK^"r¥®0~e&*K Ell 5&01 4<DA-A$IHr®0T;feD> 016«014£>B 
-B«r®0T&£ o 01 4T^T^>—;i/HgS:tX±^^-;^FJii:Cn^^ 

#1 4 2R^A-F/K7X114 5 CD*M^0 7 -0 9 ©^Ifi^^il&ot^ 

14-01 6^viT«, 0 7-09 £ftm<Dm&mm\z\mc&m.n j %&ttznT^&o 

*%immz.&^T^ TMR«Iftl4 2©SWI^ T^y^i7 1flS^ 

mrsi^i 4 2©^e»A-hVH7xii4 5 ^mzmmm^zm-o xm&ztitzT 

mm v rz m i ~0 9 (Dmmmmom^ t mmx & & , 
01 4~0i 6(Dmmmm\z^x, TMRmm&<Dftt>Q\z-t>znffi&mmm£&. 

mil fa cpp- GMRil#$ffl ^xhx^z.t tefu fc^fc® 

n«\ t^v-;^ fji;k:££±^>-;i/ \*mm<D*'rAi'? >^c Shiel(i er)/j^<t 

ZZIZ, ±mVfz^MMmz&ft2>TMRmm&7 2fb<«14 2X«CPP-GM 
R&Ji#B#©Igff£;*;#<-r3j&>, X»TMRti#:7 2fL<«14 2XttCPP- 
GMRSii W^^ntl^^O^Ti^ t y ^1 7 l&m<'?2>Z.£\Z&~DT* 
i^y7°Jf 7 6©»^^<^^J:5^^t-^i:> F/^13^ A°v^ >X C 

±ffilsfrnt&Mmz&tfZ>TMRmmft7 2^L<«1 4 2XttCPP- 
GMRSfP^#^b^l^»fc^5liT, T8Bv"-;VFJi7 OXfil 9 0 <D±mW%W\'o 

xm^m^v^om^mzmmi^m^m^n^x\mm^^ ^yi7 6 cd±ic^w 
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XtS. *58-HB. V^SMOTMR^XttCPP-GMR^m 
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